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SUMMARY 

Upon the basis of interest expressed in the methods used to 
obtain desirable control-force characteristics on the Douglas 
Model SBD-1 airplane by minor relocation of control- surface hinge 
line in combination with modifications in aerodynamic balance 
nose shape, flight-test data contributing to the development of 
the present SED-1 flying qualities have been presented. In view 
of the consideration that such information would be of possible 
value as a guide for obtaining satisfactory flying qualities on 
other experimental airplanes, detailed flight-test results indi- 
cating the effects of various wing- and control- surface modifica- 
tions on the stalling characteristics and stability and control 
of the prototype models are included. 

A brief history of the various design phases is given for 
better understanding of the modif icaticns finally incorporated 
in the model SBD-1. Flight-test results obtained during these 
phases are presented and discussed in three sections: stalling 
characteristics , lateral-directional stability and control , and 
longitudinal stability and control. All available information 
is given to describe the detailed nature of each modification in 
control- surface area, cross section, aerodynamic balance nose 
shape, hinge-line adjustment, or change in control system. Par- 
ticularly, the method used to obtain hinge-line adjustment with- 
out change in the moveable-to-fixed control- surface gap is shown. 
A comparison is made between the original and the final airplane 
configurations, particularly emphasizing the nature of control- 
surface modifications made. 

Certain definitions and symbols, in addition to those given 
in other NACA publications, were found necessary in order that 
the detailed control- surface geometry be specifically defined. 
These are offered for adoption as standard in other technical 
data to be published on control- surface design. Based upon the 
extensive flight testing accomplished on the SBD-1 and prototype 



models, in combination with other Douglas control-surface-design 
experience, recommendations are made with respect to (1) pro- 
viding necessary facilities for adjustment in control-surface 
hinge line, balance nose shape, and control system; and (2) 
designing the detailed control- surface shape for most efficient 
use of aerodynamic nose balance. 



INTRODUCTION 

This report has been prepared at the request of the National 
Advisory Committee for Aeronautics and the Bureau of Aeronautics, 
Navy Department, who expressed interest in the successful methods 
employed by the El Segundo Plant of the Douglas Aircraft Company 
in attaining desirable control- force charact eristics on the model 
SBD-1 airplane by minor relocation of control- surface hinge lines 
in combination with modifications in aerodynamic-balance nose 
shape. It was considered that such a description would be of 
service to other manufacturers of military aircraft as a direct 
aid for obtaining satisfactory flying qualities on experimental 
airplanes. Since information of this nature must be finally 
interpreted by the Aerodynamics and Flight Test personnel of any 
company before specific application to experimental designs is 
made, particular care has baen taken to describe in detail succes- 
sive control- surface changes made and flight-test results obtained. 
Because of the possible difficulties in interpreting correctly 
effects of isolated changes in the balance nose shape and hinge- 
line location, it was considered advisable to include all avail- 
able flight- test data contributing to the development of the 
present SBD-1 flying qualities. It is to be emphasized that 
most of this information is of a characteristic qualitative 
nature, having been obtained by several different pilots and 
observers, and therefore may not be wholly consistent. 



NOTATION 

Definitions and symbols used in this report follow standard 
NACA conventions and those given in reference 1. Additional nota- 
tion was found necessary to specify further detailed control- 
surface geometry. 

It is suggested that these be adopted as standard in other 
technical data published on control- surface design. Subscripts 
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a, e, r refer to ailerons, elevators, and rudder; subscripts 
W, H, V to wing, horizontal surface, and vertical surface. 

Lengths 

Zy tail lengths measured parallel to fuselage reference 
line in the plane of symmetry from the 25-percent- 
chord point of the wing mean aerodynamic chord to 
the control- surface hinge line at the base of the 
movable surfaces 

2 perpendicular distance between plane of symmetry and 

a the centroid of the wing area affected by aileron 

including aileron 

by, b a , bg, by* Wing, aileron, and horizontal- surface spans 

are taken in the horizontal plane perpen- 
dicular to the plane of symmetry. The 
vertical surface span is taken perpendicu- 
lar to fuselage reference line in the plane 
of symmetry from the intersection of the 
fin leading edge with the extension of the 
top fuselage line. 

°w> °tt> c v vi ng and control- surface chord lengths measured 
n ' u v parallel to the plane of symmetry and in the 

chord plane. (Construction tip and root chords 
are designated by the proper subscripts, T 
and R, respectively. ) 

c_ . c_ , c total moveable- control- surface chords measured 

r parallel to the plane of symmetry and in the 

chord plane 



m 9 m 9 



c b 9 °b 9 °b movable- control- surface chords forward of the 
a e r hinge line 

c , c , c movable- control- surface chords aft of the hinge 
a ' e ' r line 



*For the SBD-1, by was measured from the base of the rudder to 
facilitate comparison with and without movable tail cone. 
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t^, t_, t~ mean aerodynamic chord of wing and control surfaces 
v computed in the manner outlined in section II, 

part II, paragraph 7, revision 4 of the Amy 
Handbook of Instructions for Airplane Designers, 
volume I 

^e> *r *& e &n aerodynamic chord of control surfaces aft of 
the hinge line 

t a , t Qj _, t r mean aerodynamic chord of control surfaces aft 
t t t of the hinge line affected by the tab including 

the tab 



Areas 

Sy, Sjj, Sy Gross wing and horizontal- surface areas include 
cut-outs and portions covered by the fuselage 
and are measured in a horizontal plane with 
chordwise dimensions in their true length. 
Gross vertical-surface area includes only that 

area above a horizontal line through the inter- 0 
section of the fin leading edge with the extended 
top fuselage line, 

total movable control- surface areas 

^b > ^b > ^b control- surface areas measured forward of the 
a e r hinge line 

^a> s e> s r control- surface areas measured aft of the hinge 
line 

amount of total-surface areas affected by movable 
surface including movable -surface areas 

amount of total-surface areas affected' by tab 
including tab areas. 

movable-control-surface areas aft of the hinge 
line affected by tab including tab areas 

trim, servo, or balancing- tab areas aft of the * 
hinge line 



V 


%' 


\ 


V 


V 


\ 




S e t ' 




s t > 


S t > 


V 



Ratios 



A3y, AR^, ARy wing and control- surface aspect ratios 

defined as 



(ty) S Cb^ (by) 8 



% S H S V 
°W °H' °V vin 8 2111(1 control-surface taper ratios defined as 

C;.r Cu C«tr 

JJt J^t 

C F °Y 
R R V R 

■^a> ^e> ^r aerodynamic-balance ratios expressed in terms of 

control- surface areas aft of the hinge line and 

s b s h s b 

defined as 

s a s e s r 
Angles 

% angle of incidence of the wing using root chord and fuselage 
reference line 

i^ angle of incidence of the horizontal stabilizer using 

horizontal-surface root chord and fuselage reference line 

if angle cf offset of the vertical stabilizer using the plane of 
8yiEnetry as a reference (same sign convention as angle cf 
yaw) 

5 a ,5 e> 6 r movable-control- surf ace angles with respect to fixed- 
control surfaces 

8^ 7 , 5 t trim, servo , or balancing-tab angles with respect 
a 6 r to the movable- control surfaces 

cxj. angle between thrust If ^ and fuselage reference line 

HISTORY 



For a better understanding of the model XBT-2 configuration 
at the beginning of the flight tests to be discussed in this 
report, previous stages in the development of the XBT-2 and 



comparison with the production model BT-1 are of interest. The 
38th airplane of tho BT-1 contract vas built into the experimental 
model XBT-2, primarily to furnish a more satisfactory and completely 
retractable landing gear. Although this change completed on April 
25, 1938 , resulted in a speed increase, additional performance 
improvement was desired by the Bureau. Opportunity was taken to 
change engines at the time of a rework necessitated by a gear«*up 
landing during the initial flight tests. After going through the 
preliminary demonstration at the plant J the airplane was delivered 
on August 24, 1938, to the Naval Air Station at Anacostia, D. C, , 
for service-acceptance tests which started on August 27, 1938, and 
were completed on November 9, 1938. The only Trial Board recom- 
mendations concerning changes affecting stability and control were 
to modify the aileron control system for reduction in forces at 
high speed and "kick" at the stall. With respect to character- 
istics affecting stability and control, the XBT-2 at this time 
differed from the standard production BT-1 airplane in having: 

1. Provision for complete instead of partial retraction 

of the landing gear 

2. A change in engine installation from E1535-94 Twin 

Wasp Junior, rated 750 bhp at 9500 feet to the 
R1820-32 Cyclone engine, rated at 800 bhp at 
16,000 feet 

3. A resulting weight increase of 445 pounds and change 

in cent er-of -gravity location from 30.2 percent 
(gear down) and 31.5 percent (gear up) to 26.6 per- 
cent M.A.C. with gear up or down 

4. A revised wing tip and a l|-inch extension in aileron 

chord giving 3.6 square feet additional wing area 

5. A pitot-head installation on the top of the fin as well 

as on the left wing tip 

After completion of the service trials in November 1938 the air- 
plane was installed in the NACA full-scale wind tunnel at Langley 
Field during January and February 1939, for the purpose of inves- 
tigating possibilities of drag reduction and to determine wing 
stalling characteristics. During the acceptance trials and the 
wind-tunnel tests the XET--2 did not have wing-tip slots. 



Upon return of the airplane to the Naval Air Station at 
Anacoatla from Langley Field during the first part of March 1939 
additional flight tests were conducted in an overload scout con- 
dition comparable to a possible production design with additional 
equipment and a 30-gallon fuel increase to give the greater range 
originally obtained on the BT-1 model with the R1535-94 engine. 
These changes increased the weight 430 pounds and moved the center 
of gravity aft 2.1 percent to 28.7 percent mean aerodynamic chord, 
thus adversely affecting the stability and control characteristics 
of the airplane. In view of the above changes in weight and bal- 
ance combined with the Bureau's desire to improve the possible 
production BT-2 stability and control characteristics as compared 
with the BT-1, specific recommendations for modifications in the 
control surfaces for application to any future production air- 
planes were made. One of these suggestions also applicable to the 
experimented XBT-2 airplane was to incorporate the fixed wing-tip 
slots already developed from flight teats conducted by the Douglas 
Aircraft Company on the fiftieth production BT-1 model from Iferch 
29, 1S39, to April 21, 1939,. These test3 were concerned with the 
investigation of stalling characteristics in the carrier-landing 
condition, and it wis desired that the XHP-2 model incorporate 
modifications which resulted in Improvement, Tip slots were in- 
corporated in all existing BT-1 airplanes by Service Change Order 
to obtain necessary improvement during carrier operation. 

Flight tests with which this report is most concerned started 
at the time the XBT-2 airplane was returned to the plant for incor- 
poration of all recommended Trial Board changes. These changes 
were made during the period from March 9, 1939, to May 19, 1939. 
For convenience all flight-test information has been divided into 
chronological phases, each phase containing a series of teat's 
conducted either at the plant or at Anacostia on wing or control- 
surface modifications which were possible to mats without major 
rework. 

Phase I 

Flights 1 to 10, from June 3, 1939, to June 14, 1939, at Plant 

As a means of improving wing stalling characteristics, the 
XBT-2 of phase I incorporated seme of the modifications suggested 
by the full-scale tunnel tests, as .well as changes recoirmended by 
the Navy Trial Board: Fixed wing slots were incorporated in the 
wing tips, auxiliary fuel tanks of 30-gallon capacity were added, 
a gap-sealing strip was added to the outboard end of the flap, 
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the lover- surface aileron-hinge cut-outs were covered, the 
straight section of the pitot-heat installation on the left wing 
was replaced by a gooseneck section, the fin pitot head was re- 
moved, and the carborundum was removed from the forward 45 inches 
of the walkways. Trial Board changes affecting the wing were made 
on the "basis of improved stalling characteristics obtained during 
flight tests of the ET-1 Serial Number 0639 by the Douglas Air- 
craft Company. An additional change was a 4-inch increase in the 
height of the overturn structure for increased pilot protection in 
the event of capsizing, The flights of this phase were made in 
the scout-overload condition with 210 gallons of fuel. The air- 
plane was loaded so that the center-of-gravity position was located 
at 27.7 percent mean aerodynamic chord. This forward center-of- 
gravity movement of 1 percent from the previous overload scout 
location of 28.7 percent mean aerodynamic chord used during Navy 
tests prior to this phase was due to the proposed installation 
of two instead of one .50 -caliber fixed machine gun. These 
flights were mainly concerned with the improvement of the wing- 
stalling characteristics. Separate effects of fixed wing-tip 
slots and wing-leading-edge modifications were obtained. It was 
considered that some of the changes made decreased the aileron- 
control forces at high speed and tended to eliminate the sudden 
reversal or "kick" at the stall. 



Phase II 

Flights 1 to 16, from July 17, 1939, to July 31, 1939 at Plant 

Upon completion of the flights in phase I the XBT-2 airplane 
was returned by Navy pilot to the Naval Air Station at Anaccstia 
on June 21, 1939, where an inspection of the recommended Trial 
Board changes was conducted. Additional tests were made at the 
Naval Aircraft Factory with particular emphasis placed on arrested 
carrier landings. It was concluded that the incorporation of wing- 
tip slots materially improved the handling qualities of the air- 
plane during carrier approaches and arrested landings. On the basis 
of additional tests in the overload-scout condition with 210 gallons 
of fuel (e.g. at 27.7 percent M.A.C.), the Flight Test Section made 
specific recommendations for the following changes to provide 
improved stability and control in the carrier- landing condition: 

1. Positive lateral stability at from 5 to 10 miles per hour 

above the stall 

2. Additional longitudinal stability with increased elevator 

motion to produce the stall 



9 



On July 14, 1939, the airplane was returned to the plant by Wavy- 
pilot, at which time the flights of phase II were made involving 
the effects of modifications in vertical and horizontal control 
surfaces, and changes in dihedral angle as a means of obtaining 
desired characteristics. Temporary additions were made to both 
the horizontal and the vertical surfaces giving span increases, 
and the wing dihedral was increased 2 C * The flights in this phase 
were made for the purpose of checking the stability and control 
characteristics of the airplane in the scout -overload condition, 
1000-pound- class-bomber condition, and exti^eme noseheavy condi- 
tion with a view to obtaining through necessary control- surface 
modifications flying characteristics desired by the Navy. 



Phase III - Flights 1 to 24, 

from September 8, 1939, to September 22, 1939, at Plant 

From results obtained in phase II, 2° increase in wing 
dihedral was maintained and all control surfaces were rebuilt 
with provisions for hinge-line adjustment and change in balance 
nose shape. The temporary modifications which increased the 
area and the span of the horizontal and the vertical surfaces 
in phase II were permanently incorporated on the basis of the 
improvements obtained. Provision vas made for either a fixed 
or a movable tail cone and the aileron plan form was changed, 
giving constant balance chord along the span. To provide posi- 
tive centering of the ailerons and to eliminate the undesirable 
reversal of "kick" at the stall, a strut with double-acting 
spring was included in the left side of the aileron- control 
system. The degree of bluntness of the aileron nose shape was. 
increased and the elevator and rudder nose shapes were changed 
from blunt to elliptical. A larger elevator trim tab was pro- 
vided, and variations in elevator mechanical advantage were 
tested. Flights of phase III primarily involved determining 
the most satisfactory control-surface hinge-line positions and 
balance nose shapes, and deciding whether the tail cone should 
be fixed to the fuselage or movable with the rudder. The best 
configuration from this phase was submitted to a pilot repre- 
sentative of the Bureau, who considered that insufficient improve- 
ment had been made. 
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Phase IV - Flights 1 to 21, 
from October 6, 1939, to October 11, 1939, at Plant 

Since the best control- surface arrangements from phase III 
were not considered sufficient improvement, an additional set of 
movable control surfaces was made, all having chord reductions 
aft of the hinge line. The reduction of li inches in aileron 

1 

chord resulted in a decrease in wing area of l"g square feet. 

Flights of phase IV involved additional elevator hinge-line 
adjustment, variation of elevator mechanical advantage, changes 
in elevator, rudder, and aileron balance nose shapes, and further 
tests with tail cone fixed to the fuselage or movable with the 
rudder. The effects of increased aileron and elevator control- 
surface gaps and of increased aileron travel were determined. 



Phase V - Flights 1 to 7, 
from October 29, 1939, to November 6, 1939, at Anacostia 

Upon the basis that the optimum arrangement obtained through 
tests in phase IV was an improvement, the XBT-2 airplane was flown 
by a Navy pilot to the Naval Air Station at Anacostia for accept- 
ance. Although longitudinal and lateral stability were considered 
satisfactory, it was desired that the directional stability and 
control in the carrier landing condition be improved. For this 
phase the aileron travel was decreased to 17° up, 10° down, as in 
phase III. The flights of phase V concerned additional tests con- 
ducted by the company pilot at Anacostia on modifications to the 
fin, the dorsal fin, the rudder, and the rudder tab. During this 
phase a final satisfactory vertical-surface configuration was 
approved, except for ruddsx 1 - trim- tab effectiveness; this was 
increased on the production model SBD-1, formerly known as the 
BT-2. 



Phase VI 



Flights 1 to 77, from May 1, 1940, to May 30, 1940 at Plant 

The production model SBD-1 incorporated all control- surface 
arrangements approved in phase V with slight modifications in 
rudder, elevator, a.nd aileron nose shapes; dorsal fin; rudder 
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trim tab j and elevator cut-out. The elevator hinge line was 
moved aft l/lS inch from the location of phase V, the "balance 
nose vas changed from a radial to the final modified elliptical 
shape, the elevator cut-out was replaced with stabilizer area, 
and the rudder- trim- tab span was increased. A modification on 
the retracted landing-gear-into-wing fairing resulted in a wing- 
area increase of 5 square feet. The dorsal fin lines were re faired 
to give 3.4 square feet rather than 4 square feet, and the tail 
cone was finally fixed to the fuselage. The fuselage was refaired 
immediately aft of the cowling in order to eliminate the undesirable 
"necking- in" reported as increasing the drag in the full-scale- 
tunnel tests. It was inadvisable to take advantage of an additional 
possible drag reduction by covering the holes in the dive flaps in 
view cf their desirable effectiveness in eliminating tail buffeting 
with dive flaps open. Flights of phase VI constituted the pre- 
liminary demonstration on SBD-1 (no. 1596) during which final minor 
adjustments in elevator and aileron hinge lines were made, and the 
separate effects cf wing slots, ailercn-to-wing gap, and several 
wing-lcading-edge modifications on the stalling characteristics 
were determined. 



Phase VI 

S 

Flights 1 to 9, from May 28, 1940 to May 31, 1940 at Plant 

Flight tests during this phase were made on the second SED-1 
(no. 1597) and were of supplementary nature to those for the pre- 
liminary demonstration. They involved the separate effects of 
right and left wing- tip slots, pitot head, and aileron- to- wing 
gap on the stalling characteristics. A comparison of the stability 
and control chai-acteristics with the XET-2 of phase V was made. 
The second SED-1 (no. 1597) was U3ed in addition to no. 1596 to 
obtain flight-test results and comparisons on as many modifica- 
tions as possible in tho shortest time. The final wing arrange- 
ment included fixed wing-tip slots without leading-edgo modifica- 
tions, and ailerons with minimum upper- surface aileron- to- wing 
gap. 
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DISCUSSION - SECTION I 



STALLING CHARACTERISTICS 
(Reference table IV) 

Models BT-1 and XBT-2 

Because of piloting difficulties experienced by squadrons 
operating from aircraft carriers with the low-wing model BT-1 
airplane y it was necessary that the stalling characteristics of 
the airplane in the carrier-landing condition be materially 
improved. The most objectionable characteristic was reported 
to be a sudden fall-off of the left wing accompanied by rapid 
aileron control-force reversal termed aileron "kick" at the stall. 
Immediate flight tests were conducted at the plant to investigate 
the validity of these reports and to determine a means of possible 
improvement. The condition reported was verified by company pilots 
and several modifications were found which could be incorporated 
in service and would considerably improve the stalling character- 
istics: These were the following: 

1. An extension of the upper and the lower wing- surface 

paint-line intersection around the leading edge of 
the wing to the lower surface, thus avoiding the 
formation of a paint ridge on the extreme forward 
portion of the wing 

2. A replacement of inspection handhole plates just below 

the leading- edge center line of the center wing 
section with new plates having flathead screws for 
installation 

3. Addition of filler at the intersection of the landing- 

gear fairing and the wing surface 

4. Removal of carborundum from the first 45 inches of the 

walkway 

5. Eemoval of the outside-air-temperature indicator from 

the pitot- static head on the left wing to a position 
having no possible effect on the stalling character- 
istics 
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6. Installation of a nev gooseneck fitting so that the pitot 

head was below the left wing tip 

7. Installation of lover-wing- surface aileron-hinge cut-out 

covers 

In addition to the above modifications a further possible improve- 
ment in stalling characteristics was indicated by the observation 
of tufts over the upper wing surface. Closing the chordwise gaps 
between flaps and aileron caused a noticeable decrease in the 
tendency of the aileron to kick at the stall, reducing somewhat 
the associated tendency for fall-off to the left, and gave some 
improvement in stall warning. 

From the period of March 29, 1939, to April 21, 1939, further 
tests were made on the stalling characteristics of the BT-1 air- 
plane with all these changes incorporated. These tests were made 
on BT-1 airplane, Serial Number. 0S39, for the primary purpose of 
investigating the effects of fixed wing-tip slots. Although dif- 
ficulty was experienced in obtaining consistent data from the five 
pilots participating in these tests, it was finally concluded that 
fixed wing-tip slots did give improvements in reducing: 

1. The tendency for the undersirable fall-off of the left 

wing at the stall 

2. The amount of altitude loss and speed increase necessary 

to effect recovery from a stall 

These improvements were all considered a direct result of increase 
in aileron effectiveness. To obtain an optimum arrangement, tests 
were made of the effects of various modifications in wing-tip slot 
gap and spanwiso location. The best arrangement was found to be 
incorporation of three separate spanvise slot sections similar to 
those shewn in figures 17 and 18 for the SBD-1 model and an upper- 
surface slot gap of 1/2 inch. Tuft observations substantiated 
somewhat the improvement gained by the wing-tip slots by indicating 
the progress of the stall starting from the center section and 
spreading outboard to the inner wing slot, which acted as a barrier 
for further outward progress of the stall toward the tip. In this 
manner the severity of the stall was reduced as slot sections were 
installed inboard. Structural limitations prevented the addition 
of more inboard slots. During the flight testing of the various 
wing-slot configurations several interesting secondary effects 
were obtained: 



14 



1. The BT-1 slots gave no apparent reduction in stalling 

speed with flaps either up or down. 

2. The slots had no effect on the BT-1 airspeed calibration 

with the pitot head located below the left wing tip, 
using the original gooseneck fitting. 

3. Slots were mere effective near the stall with power off 

than with power on. 

4. With a three- slot section on each wing tip and with 

l/2- inch gap, the slots caused a 3-miles-per-hour 
speed reduction from 217 miles per hour at 9500 feet. 

During February 1939, tests were made on the XBT-2 model in 
the NACA full-scale tunnel. One of the purposes of these tests 
was to determine the manner in which the wing stalled with flaps 
down. Tuft observation in the tunnel indicated that the left 
wing tip stalled approximately 1° earlier than the right tip and 
that both wing tips stalled before maximum lift was reached, thus 
checking BT-1 flight-tast results. It was further noted that the 
trailing- edge portion of the center section was stalled simultane- 
ously with the left wing tip near the pitot head. It should be 
emphasized that during these tests none of the improvements 
obtained during the BT-1 stalling -characteristics investigation 
had yet been incorporated in the model XBT-2. 

After completion of the full- scale- wind -tunnel tests and 
additional Naval Air Station flights in the scout-overload condi- 
tion the XBT-2 was returned to the plant for incorporation of 
Trial Board changes. These changes as outlined in table IV 
included all the major modifications found to improve the stalling 
characteristics of the BT-1 airplane. Table IV contains a flight- 
test summary of all stalling characteristics of the XET-2 airplane 
and detailed pilot's comments on various modifications. Before 
additional changes other than those required by the Trial Board 
were made, a complete investigation of the XBT-2 basic stalling 
characteristics was made. (See table IV, Flights I: 1, 2, 3, 4.) 
In order to improve stalling characteristics in the carrier- 
approach condition with flaps and gear down, cruising power, by 
preventing the characteristic sharp fall-off to the left, a sharp 
leading-edge fairing as shown in figure 2a was added to the left- 
wing center section. This change gave no significant improvement. 
The effect cf variation in upper slot gap was again investigated 
and the gap finally increased from 1/2 inch tc 3/4 inch. Again 
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the separate effects of the tip slots were determined by complete 
sealing. From these comparative tests it was concluded that any 
improvement due to the slot on stalling characteristics or aile- 
ron control at the stall was marginal on the XBT-2 airplane. It 
appeared that the slots provided some improvement in the amount 
of aileron control just before and right at the stall , hut that 
tests with the "best arrangement did not substantially alter the 
amount of stall warning or contribute to the aileron control after 
the stall. During this investigation it became increasingly ap- 
parent that improvement should be made in the stalling character- 
istics of the XBT-2 airplane in the carrier- landing condition 
with flaps and gear down and with approximately 40-percent power 
(20 in. Hg manifold pressure at 1900 rpm) to avoid the fall-off 
to the left with insufficient warning. It was noted that the 
aileron kick at the stall or iginally present on the XBT-2 air- 
plane was substantially reduced after the Incorporation of Trial 
Board changes as was the case with the BT-1. This reduction 
was apparently be^'ng effected through the reduction of the 
aileron- flap gap. 

After the completion of tests in phase I the XBT-2 airplane 
was returned to the Naval Air Station at Anacostia for inspection 
of Trial Board changes. ' During this period a considerable number 
of landing tests were conducted by the ship experimental unit and 
the definite opinion was given that the incorporation of the wing- 
tip slots on the XBT-2 airplane had materially improved its han- 
dling qualities during carrier approaches and arrested landings. 



XBT-2 Aileron Control Forces 

Initial flight tests on the XBT-2 airplane after the incor- 
poration of Trial Board changes indicated that the aileron control 
forces were excessive at indicated air speeds above 160 knots. To 
correct this condition, the aileron balance tab control horn arm 
length was shortened 3/8 inch to increase the balance tab travel 
from the former 1-to-l ratio. Flight tests with this change indi- 
cated that the aileron control forces had been reduced at all 
Bpeeds so that forces at high speed were now considered reasonable. 
Since the control forces near the stall with the revised balance- 
tab ratio were quite light, it was considered inadvisable to at- 
tempt further aileron- control- force reduction through the use of 
balance-tab action giving a ratio of tab-to-aileron travel greater 
than 1.2 to 1. A check on the action of the aileron during stalls 
indicated that the increased balance-tab action had no adverse 
effects. 
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Model SBD-1 

During the preliminary demonstration of the SBD-1 model , 
the subject of wing-tip slots again came up for investigation 
in flight. Upon the "basis of preliminary flight tests conducted 
on a BT-1 airplane concerning the effect of vood strips with 
half-rounded cross-sectional shape applied to the center-section 
wing leading edge, additional tests were made upon the stalling 
characteristics of the SBD-1 airplane with a view to substituting 
the "stall control" sticks for the wing-tip slots. A consider- 
able amount of conflicting opinion with respect to whether sub- 
stitution could be made was obtained from the piloting personnel* 
For the various positions of the wood strips tried in flight, see 
figures 2b to 2g. In general it was agreed that the "stall 
control" sticks reduced the violence of fall-off to the left 
and increased stall warning; whereas the wing-tip slots increased 
the aileron effectiveness and recovery after a stall took place. 
It was considered that the half-round wood strips had not partic- 
ularly improved the sudden fall-off to the left in the carrier- 
approach condition. It was finally decided that before any sub- 
stantial improvement would be gained from this modification the 
tip stall on the left ving would have to be corrected. This con- 
clusion was based on tuft observation which indicated that by 
means of proper placement of the half-round strips a root stall 
could be delayed entirely until after complete tip stall on both 
wing tips had taken place. Minor modifications of removing the 
wing-attachment fairings, and smoothing of pitot mast fittings, 
wing-tip attachments, landing lights, and the forward portion 
of the wing had insignificant effects on the tip stalling charac- 
teristics. The most effective improvement to the stalling char- 
acteristics in the carrier- landing condition was obtained by 
completely sealing the upper • surf ace aileron-to-wing gap with 
medical tape allowing for f 'ill-down aileron travel. Tuft obser- 
vation indicated there had been considerable improvement in the 
tip stall and the pilot reported definite improvement in aileron 
control force with increased effectiveness at low speed. A fur- 
ther check by a Navy pilot verified that a major Improvement had 
been obtained in the carrier- landing condition with cruising 
power; although the airplane in this condition still fell to 
the left in the stall due to the engine-torque effect. The 
closest practical approach to the complete sealing of the upper 
aileron-to-wing gap was made by the addition of an extension 
strip to the wing, closing the gap particularly at the extreme 
aileron tip. This extension strip can be seen in figures 17 
and 18. The absence of variation in gap can be seen with the 
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aileron up. The greater amount of improvement obtained "by the 
aileron-to-wing seal was realized with the addition of this 
strip. The effect of having only the left wing slot open was 
compared with that of having both slots closed. An increase in 
aileron control was obtained. The complete removal of the pitot 
head from the left wing had no particular effect in reducing the 
left wing-tip stall. This indicated that miximum Improvement 
had "been obtained with the final modifications made to the goose- 
neck fitting For the SBD-1 this fitting was ref aired from the 
original rough lines to the relatively streamline shape shown in 
figure 17. 

In view of the substantial improvement obtained in the wing- 
tip stalling characteristics through the use of the wing-to-aileron 
extension strips because of the possibility of some improvement 
through the use of the "stall control" sticks, and in considera- 
tion of the structural complexity of the wing-tip slots; the 
advisability of their incorporation in the production SBD-1 air- 
plane was referred to the Navy for decision. In answer to this 
request the following conclusive reply was received: "With the 
wing- tip slots closed the stall is reached with little warning 
and is characterized by complete loss of aileron control and very 
sharp roll and pitch from which recovery begins in a steep dive. 
With slots open considerable warning is given as the stall is 
approached and aileron control does not entirely disappear unless 
the stalling control is forced. The recovery is far less severe 
and much shallower; though improvement of this phase is less 
marked in landing condition than in the clean condition." Later 
tests conducted during. the NACA investigation of the SBD-1 flying 
qualities indicated that closing the wing-tip slots had no signifi- 
cant effects on stalling characteristics or aileron- control char- 
acteristics with one exception: When the airplane was sideslipped 
at low speeds near the stall, the aileron-control force reversed 
at a fairly low angle of yaw, thus indicating qualitative rolling 
instability with free control in this condition. In some cases 
the airplane tended to spin out of the sideslip, a condition 
caused by incipient stalling on the left wing which was prevented 
when the slots were opened. This function was considered important 
enough to justify the use of the wing- tip slots, giving marginal 
positive rolling stability in the carrier-approach condition. 
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DISCUSSION - SECTION II 



LATERAL -DIRECT IONAL STABILITY AND CONTROL 
(Reference table Y) 

After the completion of Service Acceptance Trials on the 
model XBT-2 in November 1938, the lateral-directional stability 
and control characteristics were accepted with the provision 
that Trial Board changes include modification of the aileron- 
control system for reduction in control forces at high speed and 
an objectionable kick at the stall. Additional recommendations 
for improvement came after removal of the airplane from the full- 
scale tunnel at Langley Field and as a result of tests made in 
a scout -overload condition with a gross weight of 7407 pounds 
and balance of 28.7 percent mean aerodynamic chord. In this 
configuration, the Navy found that the lateral stability was 
neutral at low speeds in the landing condition with free con- 
trols, or that the application of rudder would not raise a wing 
dropped approximately 15°. It was recommended that the lateral 
stability in production models of the XET-2 be improved so that 
high ruddar would pick up a 15° low wing at 75 knots with free 
aileron controls. 

Flight tests were made in phase I after the incorporation 
of all Trial Board changes to check the ability of the pilot to 
pick up a wing dropped over 15°. The comments from these test 3 
appear on table IV and do not indicate the difficulty reported 
by Navy tests. With flaps and gear down, free aileron control, 
with power idling or at 20 inches of mercury at 1900 rpm (43.5 
percent rated power at sea level) no difficulty in raising the 
low wing with the rudder was reported at any time down to an 
indicated speed of 60 knots. In view of the fact that, upon 
return of the airplane to the Naval Air Station for inspection 
of recommended changes, the Navy again recommended an increase 
in lateral stability for the landing condition, the above flight- 
test coianients can be interpreted only as a result of differences 
in testing technique with respect to carrier approaches or a 
lack of clear under stand ing of the basic problem. Additional 
tests in the overload- scout condition by the Flight Test Section 
at Anacostia furnished a basis for the following recommendation: 
Provide positive lateral stability at from 5 to 10 miles per 
hour above the stalling speed in the carrier -land ing condition. 
The flight tests of subsequent phases were concerned v/ith 
obtaining this desired increase in stability by modifications 
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In vertical surfaces, ailerons, and dihedral angle. Changes made 
in the fin and rudder areas, location of rudder hinge line, aero- 
dynamic balance nose shape, tail cone, and rudder-trim- tab size 
are described in detail in figures 4a to 4v. Vertical surface 
area changes can "be more accurately compared qualitatively by 
reference to the superimposed line diagrams of figure 5, and 
quantitatively by reference to table I. Changes in aileron cross- 
sectional shape and hinge-line location are given in figures 6a to 
6j. Changes in aileron plan form and in the location of the trim 
tab are shown in figure 7. Quantitative changes in areas, aero- 
dynamic balance, and design ratios are listed in table II. 

In an effort to investigate systemmatically the qualitative 
lateral-directional characteristics of the XBT-2 airplane, four 
basic tests were devised for the conditions flaps and gear 
retracted, power idling; and flaps and gear fully extended for 
a carrier landing with approximately 40 percent rated power. All 
tests were made from a steady condition of sideslip with 15° of 
bank and with the elevator trimmed. Two cases, tests 1 and 3, 
involved raising the down wing with the use of rudder alone, first 
with the ailerons held in the position for steady slip, and then 
with controls free. The other two casos, tests 2 and 4, involved 
the observation of resulting motion, first after the ailerons 
were suddenly returned to neutral, and second when the ailerons 
were control free; the rudder remaining fixed in the position 
for steady sideslip in both cases. The first step in this inves- 
tigation was the determination of the characteristics of the 
XBT-2 in the original condition returned to the factory by 
performing the four tests described above at indicated airspeeds 
of 120, 100, and 80 knots with ilaps and gear up; 85, 75, and 65 
knots with flaps and gear extended. The detailed results of 
these tests, given in table V, Flight 11:1, indicate agreement 
with Navy tests, since it was impossible to raise a low wing by 
the use of the rudder at an indicated speed of 85 knots or less 
with flaps and gear extended , ailerons fixed or free. 

The first change made in the airplane to improve this con- 
dition was a change in dihedral angle of the outer wing panels 
by 1°, obtained through the use of shims at the attachments. 
The results of tests on this modification indicated a slight 
improvement in lateral stability for ailerons fixed, but a neg- 
ligible effect with controls free, flaps and gear down. With an 
additional degree making a total change in dihedral angle of 2°, 
there was a definite improvement at the lower airspeeds, but 
recovery was still not possible at 65 knots where full rudder 
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was required to maintain the steady sideslip with 15° angle of 
bank, flaps and gear extended. In this condition both the aile- 
ron and the rudder- control forces were reversed. Aileron over- 
balance was first noted at 82 knots; whereas no mention was made 
of this characteristic with the original value of dihedral angle 
at speeds down to 65 knots. It can be assumed here that the in- 
crease of 2° resulted in: 

1. An increased tendency for the ailerons to overbalance 

in a constant sideslip with 15° angle of bank 

2, An increase in the amount of rudder angle to held constant 

angle of bank at the lower airspeeds 

It can be concluded that the increased dihedral resulted in improved 
low-speed lateral- stability characteristics but disturbed the de- 
sired adjustment between aileron and rudder control forces and 
effectiveness in maintaining a constant sideslip with 15° angle 
of bank. Upon this basis it appeared desirable to consider modi- 
fications to the vertical surfaces and ailerons. 

Several combinations of temporary fin and rudder extensions 
were tried. The first of these is shown in figure 4b. With the 
large fin and rudder extensions in combination with the 1° increase 
in dihedral, aileron and rudder reversal took place at 75 knots. 
At 65 knots it wa3 Impossible to maintain more than a 7° bank with 
the new ruddex* full over, flaps and gear extended, with 40 percent 
power. Inability to maintain a 15° bank with full rudder indicated 
an excessive amount of directional stability; therefore the smaller 
fin extension with the large rudder was tested in combination with 
the 2° increase in dihedral. Although it was possible with this 
arrangement to hold a 15° bank with the rudder at 65 knots, both 
the aileron and rudder control forces were reversed. The rudder 
reversal was particularly objectionable. In an attempt to lower 
the speed at which aileron overbalance took place, the balancing- 
tab action was removed. This change resulted in an improvement, 
lowering the speed for overbalance in the landing condition from 
82 knots to 75 knots without significant changes in recovery 
characteristics. A further change in reducing the lower-surface 
aileron-to-wing gap to l/4 inch gave a slight improvement. Fur- 
ther changes in rudder- balance area above the upper hinge bracket 
(fig. 4d) and increase in the width of the fin trailing edge gave 
no noticeable improvements. The results obtained with the small 
fin extension and the large rudder formed the basis for the fab- 
rication of a new set of vertical surfaces (fig. 4e). The balance 
nose shape of the rudder was changed from blunt to elliptical 
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(fig. 3c), and provisions were made for the attachment of the 
tail cone to the fuselage or the rudder. The ailerons were recon- 
structed with a const ant -"balance chord and a minimum lower- surface gap 
(figs, 6c and 7). The aileron nose shape was made more blunt 
(flS- 3f). Provisions were also made for the adjustment of hinge- 
line location on "both the ailerons and the rudder. 

During the flights of phase III the separate effects of 
hinge-line location, tail cone movable or fixed, and rudder 
"balancing tab were investigated. With the change in rudder 
nose shape and with the original hinge-line position (Flight 111:1), 
the rudder control forces wsre considered heavy in spite of the 
change in aerodynamic balance from B r 0.148 to 0.183 resulting 
from the tail cone being fixed to the fuselage. The combination, 
however, reduced the undesirable tendency for overbalance. After 
adjustment of the control forces on rudder and ailerons through 
movement of the hinge lines, a complete set of tests was made for 
lateral-stability characteristics. Results indicated' that, al- 
though reversals in force were not as serious as before, further 
modifications were necessary. The ailerons reversed at 72 knots 
in a left slip and 75 knots in a right slip, the rudder at 75 
knots and 85 knots, respectively. The next change was to connect 
the tail cone to the rudder and restrict the travel from ±30° to 
±25°. At the same time the aileron differential was revised to 
give 10 percent less aileron travel. Since these changes did not 
provide the desired major improvement, subsequent modifications 
were made. The hinge line of the rudder was returned to the 
original position and a balancing- tab motion was incorporated 
with resulting slight effect on control forces. The tail cone 
was attached to the fuselage with the interesting results that 
no apparent loss in rudder effectiveness was obtained, and that 
the rudder forces were lighter with less tendency for severe 
reversal. Spin tests were conducted to demonstrate the adequacy 
of the rudder control without the contribution to rudder area 
provided by the tail cone, with the result that recovery could 
be effected either to the left or the right within one-quarter 
turn, flaps and gear in both extended and retracted positions. 
The addition of a balancing tab to the ailerons with original 
travel reduced the control forces to a desirable magnitude in 
the low-speed range, but did not affect the high-speed region. 
The balancing tab was removed from the ailerons and the hinge 
line was moved back to lighten the high-speed forces. Further 
force reduction was obtained by a change in the control system, 
reducing the total aileron travel by 25 percent. Aileron 
reversal, however, still occurred at approximately the same 
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speeds. Increasing the gap between ailerons and wing had no 
effect on this reversal, hut did reduce the control forces; al- 
though such a reduction may veil have heen due to a further 7- 
percent decrease in total aileron travel. 

Upon the basis of relative comparison with the character- 
istics of the original airplane, it was decided that some definite 
improvement in the lateral-directional-stability characteristics 
had been accomplished by the changes resulting in the vertical- 
surface and aileron configurations shown in figures 4e and 6d, 
and that the airplane should be flown by a Navy pilot for comments 
on these improvements. In accordance with this request, a Navy 
pilot checked the characteristics of the airplane and reported 
insufficient improvement, giving the recommendation that the pos- 
sibilities of farther improvements be investigated, with particu- 
lar respect to the aileron and rudder reversal in control forces. 
In order to investigate the possibilities of improvement in rud- 
der control force by a reduction in chord, a flight was made with- 
out the trim tab. Since indications were that a modification of 
this nature would be very desirable, arrangements were made to 
construct a new rudder with reduced chord. In the case of the 
ailerons no modification yet made had effected substantial im- 
provement in the undesirable control reversal or kick obtained 
in a steady sideslip. Although changes had been made in the 
hinge-line location, control- star face travel, cross-sectional 
shape, and plan form; there yet remained one possible solution, 
which involved the addition of forces within the control system 
that would give the desired force characteristics. With this 
in mind, a spring- loaded plunger was added to the control system, 
providing a force in the direction tending to return or center 
the ailerons to neutral setting at all times. Flight tests with 
this device installed indicated a substantial improvement. This 
result has been verified by later tests wherein it was attempted 
to eliminate the centering device because of complication in the 
aileron control system. 

For phase IV, a new rudder and a pair of ailerons were con- 
structed having the same aerodynamic-balance nose shapes as 
formerly, but with chord reduction. In the case of the ailerons, 
the chord was reduced by a constant 1± inches so that the trailing 

edge formed a continuation of that for the landing and dive flaps 
(figs. 6e and 7). The rudder chord was reduced about 8 inches at 
the tip (figs. 4h and 5). The adjustable-hinge-bracket feature 
of both the surfaces was maintained, and the tail cone was so con- 
structed that it could be made part of the rudder or the fuselage. 
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The spring- centering device formed an integral part of the 
aileron- control system , and the aileron total travel was kept at 
27°, Flight tests with the reduced chord surfaces indicated a 
very definite improvement in the lateral-directional character- 
istics. The original blunt aerodynamic-balance nose shape was 
tested on the rudder and found to "be one reason for the diffi- 
culties with control- force reversal. The effect of the movable 
tail cone as part of the rudder was again investigated. Rudder 
action was considered superior with the cone rigidly attached 
to the fuselage , since there was less tendency for overbalance 
and buffeting and. very little, if any, loss in effectiveness. 
Spin tests were again made on the airplane with the tail cone 
attached to the fuselage, with the results substantially checking 
those previously obtained. Other minor changes included the 
smoothing up of the leading edge of the rudder by countersinking 
balance-weight attaching screws and covering the surface with 
fabric, and the covering over of a portion of the rudder-hinge 
cut-outs. The final vertical surface arrangement for this phase 
is shown in figure 4n, with rudder travel ±30°, hinge line at 

5ii feet aft the leading edge at station 40, tail cone fixed to 

the fuselage, minimum gap between rudder and fin, and without 
balancing-tab action. In the case of the aileron, the travel 

is 17° up, 10° down, the hinge line is located 5^ aft the leading 

edge, and the aileron-to-wing gap is a minimum of 1/4 inch, and 
no balancing- tab action is used. (See fig. 6f . ) A summary of 
the lateral stability and control characteristics of the XBT-2 
airplane at the conclusion of phase IV as interpreted by company 
flight- testing personnel, is as follows: 

1. The lateral stability is considered satisfactory. 

2. Recovery by use of rudder alone from a steady sideslip 

with 15° of bank in the landing condition is possible 
down to an indicated airspeed of 60 knots. Recovery 
is positive to a lesser degree with the right wing 
low, probably because of reduced rudder power when 
held to the left. 

3. Rudder control forces and effectiveness are considered 

satisfactory throughout the required speed range; 
although a reversal is possible with full left rud- 
der at indicated speeds below 70 knots with power 
on. 
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4. The aileron control forces are considered satisfactory 

throughout the required flight range. It is possible 
that the forces may he considered somewhat light below 
airspeeds of 65 knots. 

5. With the reduction in chord and travel, the ailerons pro- 

duce adequate rolling moments within 5 knots of the 
stall. Although it is possible to overbalance the 
ailerons in a steady sideslip with angle of bank 15° 
at indicated airspeeds below 68 knots, this charac- 
teristic is considered not extremely objectionable. 

In the configuration described above, the XBT-2 airplane was 
taken to the Naval Air Station at Anacostia for acceptance. Upon 
the basis of Navy tests the lateral stability was considered sat- 
isfactory; however, directional stability was considered marginal 
in the carrier-landing condition with flaps and gear extended and 
with cruising power. It was observed that in this condition the 
increased dihedral angle caused more roll than is desired for a 
given amount of yaw, and that the rudder- control force had an 
undesirable tendency to reverse near full- surface throw. It was 
desired that positive directional stability and trim be provided 
in the carrier-landing condition down to 65 knots, with rudder 
free. The flight tests of phase V were concerned with satisfying 
this requirement by a successive series of modifications in 
vertical- surface plan form and rudder trim tab, without jeopard- 
izing the progress already made in obtaining satisfactory lateral 
stability. 

The test used to compare the directional stability in the 
carrier-landing condition obtained by the various modifications 
was to find the minimum indicated airspeed for recovery from a 
directional oscillation started by a 10° displacement of the rud- 
der immediately followed by pedal release, with lateral and 
longitudinal trim maintained by use of the stick. For the con- 
figuration at the beginning of phase V this speed was 85 knotsj 
whereas the desired value was 65 knots. Progressive increase in 
fin area gave the expected reductions in minimum speed for direc- 
tional stability in the carrier-landing condition: an increase 
of 0.8 square foot added by the small fin extension of figure 4p 
reduced the speed to 72 knots indicated; whereas a further increase 
of 0.9 square foot added by the large fin extension of figure 4q 
brought the speed to 68 knots indicated. Although the directional- 
stability requirements could be met easily by increasing the size 
of the fin, the additional requirement that the rudder overbalance 
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fce eliminated was more difficult since the tendency for reversal 
increased with the fin extensions. In the case of the combined 
large fin and trim- tab extension of figure 4r, a prohibitive rud- 
der reversal offset the advantage of fulfilling the directional 
requirement down to an indicated speed of 65 knots. This isolated 
effect of trim- tab extension only on the rudder reversal indicated 
the critical nature of the flow about the base of the rudder and 
led to the use of the "dorsal" fin, ccmhined with the small fin 
extension of figure 4s. With the trailing edge of the rudder 
reworked to accommodate the larger trim tah (fig. 4t), a satisfac- 
tory vertical surface was finally obtained; although it wa3 desired 
that the tab effectiveness "be increased for directional trim in the 
landing condition. 

On the production SBD-1 model the span of the rudder trim tab 
was increased and the aerodynamic balance nose shape was slightly 
revised (figs. 4v and 3c). The area of the fixed tail cone was 
increased and the dorsal fin lines were refaired from those used 
on the temporary modification of figure 4t with a resulting decrease 
in area from 4.0 square feet to 3.4 square feet. The aileron con- 
figuration of /the SBD-1 was similar to that of the final XBT-2, 
except that the nose shape was made more blunt (fig. 3f). During 
tests on the first two models of the SBD-1, numbers 1596 and 1597, 
-various modifications were added to the ailerons as discussed 
under the section on stalling characteristics. The final aileron- 
wing conf tguration had the extension strips added as shown in 
figures 6<J and 17. Figures 1, 19, and 20 give a comparison of 
the original SBT-2 and final SBD-1 empennages. 



DISCUSSIOIT - SECTION III 



LONGITUDINAL STABILITY AND CONTROL 
(Reference table VI) 

The longitudinal-stability and control characteristics of 
the BT-1 and the XHT-2 airplanes were considered satisfactory 
in the normal scout loading with 180 gallons of fuel. In the 
case of the XBT-2 loaded to represent the scout condition with 
210 gallons of fuel, however, the increase in gross weight and 
rearward movement of the center of gravity, in combination with 
a general feeling on the part of the Navy that stability require- 
ments should be more rigid than previously for shipboard aircraft, 
made it necessary that some improvement "be obtained. The effect 
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of the increased fuel and other equipment was a 430-pound increase 
in gross weight and a movement of the center of gravity from 26.6 
percent mean aerodynamic chord to 28.7 percent mean aerodynamic 
chord , a change of 2,1 percent. Wavy comments concerning the 
longitudinal stability characteristics with the scout-overload 
condition were as follows: 

1. With free control and at high speeds, the dynamic longi- 

tudinal stability is barely positive, and oscillations 
are exceedingly slow in clamping. 

2. In the landing condition with elevator free the airplane 

is longitudinally unstable at low speeds, and there 
is no recovery from an applied diving or stalling 
moment . 

3. The controllability is generally similar to that for 

the BT-1 and JZBT-2 with normal scout loading, with 
the possible exception that the small stick movement 
necessary to produce a stall seems further reduced { 

For any future production BT-2 airplanes, it was definitely recom- 
mended by the Bureau that the longitudinal 'stability for the high- 
speed and landing conditions be improved, and that the stick move- 
ment required to effect a stall be increased. These recommenda- 
tions were not included in the Trial Board changes affecting the 
XBT-2; therefore no attempt was made during the flight tests of 
phase I to obtain the effects of modifications leading to improve- 
ment, this phase being primarily concerned with the stalling char- 
acteristics of the airplane. Flight 1:2 was made, however, to 
obtain a check on the longitudinal characteristics of the airplane 
in the overload- scout condition with the center of gravity located 
at 27.7 percent mean aerodynamic chord, 1 percent farther forward 
than during the Navy tests. This change was due to a proposed 
installation of an additional ,50-caliber fixed gun. The results 
of this test indicated that static longitudinal instability existed 
in the landing condition below 80 knots. Flight tests made by the 
Navy at Anacostia with the airplane in this same condition indi- 
cated that the longitudinal stability was marginally acceptable 
at indicated airspeeds 5 to 10 miles per hour above the stall, 
and that the elevator movement to produce a stall with the flaps 
and gear extended was still too small. From this result, it was 
apparent that a more detailed investigation into possible methods 
for improvement was necessary. This investigation was started in 
conjunction with the lateral-directional stability and control 
tests of phase II. 
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A summary of the flight tests made on the longitudinal - 
stability and control characteristics of the XBT-2 is given in 
table VI. The detailed nature of changes made in horizontal sur- 
face plan form and elevator aerodynamic-balance nose shape is 
shown in figures 3d, 8a to 81, and 9. Quantitative data on areas 
and design ratios are presented in table III. It should be pointed 
out that the longitudinal-stability tests outlined in table VI were 
made at several different center-of-gravity locations substantially 
corresponding to the following loading conditions: 1000-pound and 
500 -pound class bombers, normal scout with 180 gallons of fuel, 
overload scout with 210 gallons of fuel, and extreme noseheavy 
and tailheavy loadings. 

In order to determine specifically the longitudinal-stability 
and control characteristics, quantitative measurements were taken 
of stick force against indicated airspeed for three basic condi- 
tions: level flight with flaps and gear retracted, level flight 
with flaps and gear extended, and gliding flight with flaps and 
gear extended. For the first case, the airplane was trimmed at 
an indicated airspeed of 180 knots at approximately 6000 feet 
altitude. With constant trim- tab setting stick forces and eleva- 
tor positions were recorded by an observer at several speeds 
between trim and the stall while the pilot maintained level flight 
by reduction in power and/or revolutions per minute. A similar 
procedure was followed for the second case with trim speed at 
110 knots. For the power-off glide with flaps and gear down the 
indicated trim speed was 120 knots at approximately 12,000 feet. 
Throughout these tests, some variations in trim airspeed were 
obtained, thus somewhat affecting accurate comparisons between 
modifications. 

By use of this procedure, the effect of the elevator balancing 
tab was first obtained. The changes in elevator control force and 
angle to trim for various airspeeds are shown in figure 10. A 
comparison of the curves indicates that the balancing tab had little 
effect on the control forces or elevator angle in level flight, but 
did affect those in the glide with flaps and gear down. For this 
same case, the stability was considerably reduced as indicated by 
a comparison of the curves of elevator angle to trim versus air- 
speed. Another significant point is that the elimination of the 
balancing tab changed the characteristic shape of the control 
force versus airspeed curve for flaps and gear down, power off, 
so that the forces did not decrease near the stall. The next tests 
were made to determine the effect of a 2-percent forward movement 
of the center of gravity with the balancing tab still disconnected. 
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The data obtained and compared in figure 11 indicate that no 
substantial improvement could be realized by such a change, par- 
ticularly in level flight with flaps and gear down. The character- 
istics with the extreme noseheavy loading were obtained with the 
center of gravity at 21.2 percent. The control forces with this 
center-of-gravity position were considered heavy in comparison 
with those at 27.7 percent. It is interesting to note the con- 
sistent variation of control force and elevator angle with air- 
speed for the various center-of-gravity locations, particularly 
with the flaps and gear up in level flight. Upon the basis that 
no significant improvements had yet been obtained, it was decided 
to increase temporarily the horizontal surface span by two feet 
(fig. 8b), giving an increase in aspect ratio from 3.72 to 4.30. 
This modification gave a sufficient improvement (fig* 12) to 
justify the construction of a new set of horizontal surfaces 
with increased span, also incorporating a change in elevator 
balance nose shape from blunt to elliptical (figs. 3d and 8c). 
Provisions were also made for the adjustment of hinge-line loca- 
tion so that the most desirable location could be determined 
experimentally. Upon the basis that previous tests (Flight 11:16) 
indicated a minimum of 25° up elevator required for landing in 
the noseheavy condition, the travel of the new elevator was ad- 
justed to 25l° up, 25° down. 
2 

Flight tests in phase III were concerned with tests on this 
new horizontal surface, as well as with the effects of modifica- 
tions to the ailerons and vertical surfaces previously described. 
Because of the heavy elevator- control forces obtained with the 
first hinge-line location, the hinge line was moved progressively 
back from 4 inches tc 4l inches from the elevator leading edge. 

The comparison between the blunt and elliptical aerodynamic- 
balance nose shapes is given in figure 13. The only significant 
changes in the shape of the curves are for the cases flaps and 
gear extended, level flight or glide. 

Considering the increased value of aerodynamic balance with 
the elliptical nose, these changes indicate that the reduction 
of control forces near the stall with flaps and gear down could 
be caused by the blunt elevator balance nose shape (fig. 3d). 
The effect of increasing the mechanical advantage of the stick- 
to-elevator travel by 19 percent, limiting the elevator throw 

from ±25° to -22°, +20^°, is given in figure 14. It can be seen 

that the magnitude of the control forces was considerably reduced 
at all speeds for all conditions. In the opinion of the flight- 
testing personnel, this reduction gave control forces which were 
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desirable and should be obtained in the final arrangement, if 
possible. It was desired to obtain the characteristics of this 
improved configuration d.uring pull-outs from dives before making 
any final conclusion. Preliminary dives indicated that more up- 
tab travel should be provided for trim and that elevator- control 
forces at high speed were greater than desired* To provide such 
a reduction, a special balancing-tab action was installed on the 
elevator so that no balancing effect was obtained at full elevator 
throw. Since, seemingly, the longitudinal stability was not 
materially affected by this change, dives were made with dive 
flaps open and closed. The pull-out forces were favorable and 
the airplane was submitted to a Navy pilot representative for 
check. Although the characteristics in a pull-out were acceptable, 
the longitudinal stability was considered unsatisfactory because 
of insufficient stick motion required to effect a stall and insuf- 
ficient control force during the stall approach in the carrier- 
landing condition. Considering the offect of the balancing tab on 
longitudinal stability at the beginning of these tests for the case 
of a glide with flaps and gear extended, it is reasonable to assume 
that some adverse effect still existed with the arrangement just 
described; even though the tab did not move after the elevator 
had reached a travel of 20°. 

To obtain the desired elevator-control- force magnitude and 
to provide sufficient surface movement near the stall in the landing 
condition, it was evident that the elevator chord would have to be 
reduced. This meant that the elevator travel would have to be 
increased to provide trim with forward center-of-gravity location. 
Flight tests of phase IV were made with a new horizontal surface 
having the elevator chord reduced approximately 7 inches at the 
inboard end (figs. 8e and 9). The shape of the elevator aerodynamic 
balance nose wa3 not changed. Provisions were again made for adjust- 
able elevator hinge line and the elevator travel was increased to 
-30°, + 25°". Longitudinal- stability characteristics were obtained 
for this new arrangement with the overload- scout loading and center- 
of-gravity position of 28.1 percent mean aerodynamic chord. The 
effect of the elevator- chord reduction is shown in figures 15 and 
16. The magnitude of the control forces compares favorably with 
that of the former surface with increased mechanical advantage 
(fig. 14). For the gliding condition with flaps and gear down, 
the control forces do not exhibit the original tendency to decrease 
below an indicated airspeed of 80 knots, and the elevator angle to 
trim over a speed range of from 113 knots to 70 knots was increased 
50 percent compared to the original configuration of Flight 11:1. 
Because of the differences in trim speed for the cas.e of gliding 
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flight, flaps and gear down, it is difficult to obtain any sig- 
nificant comparison from figure 15, with the possible exception 
that the elevator angle for trim seems to increase more rapidly- 
near the stall for the reduced-chord case. There is no apparent 
explanation for the wide variation in control forces near the 
stall for the case of level flight with flaps and gear extended, 
with and without reduced chord. 

Preliminary dives indicated the need for additional aero- 
dynamic balance to reduce control forces at high speed. The 
elevator nose shape was accordingly changed from elliptical to 
radial as shown in figures 3d and 8f to provide more aerodynamic 
balancing for small elevator movement. Since this change did 
not provide sufficient improvement, the hinge line was moved 
back 3/8 inch, or 3/4 inch from the starting position. This 
change gave satisfactory characteristics in pull-out, and the 
elevator effectiveness for landing with forward center of gravity 
was checked. Since more than enough elevator control was avail- 
able with the maximum throw, -30°, the travel was again reduced 
to -25° and the effect of a 1-inch gap between elevator and 
stabilizer was obtained* This change gave a "flat spot 1 ' in the 
elevator control which was not considered satisfactory for con- 
trol in dives where small positive displacements are needed. 
With the elevator moved forward again, the horizontal surface 
was considered satisfactory, and. the longitudinal stability con- 
siderably improved, A summary of the longitudinal- stability and 
control characteristics of the XBT-2 at the conclusion of phase 
IV, as interpreted by company testing personnel, is as follows: 

1. The characteristics have been improved to an acceptable 

degree by the changes incorporated. 

2. The elevator control i3 very effective throughout the 

required speed range, and the limited up travel is 
more than adequate to effect a three-point landing 
with the maximum forward center-of-gravity location 
of 22 el percent mean aerodynamic chord. 

3. The elevator- control forces are considered satisfactory 

at all speeds above 90 knots indicated, and elevator 
control during dives is considered excellent in view 
of the positive control for small movements. 
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4. Characteristics previously reported undesirable have 

been improved; although there is still a gradual 
decreaae in elevator- control force at indicated air- 
speeds below 90 knots in level flight with flaps and 
gear dovn. For the case with power idling, however, 
the variation of control force with airspeed has been 
considerably improved, and the amount of stick travel 
required in a stall approach has been substantially 
increased. 

5. The existence of a positive degree of static longitudinal 

stability is established at airspeeds above the stall 
with flaps and gear retracted or extended, since a 
constantly increasing up-elevator angle is required 
for trim a3 the stall is approached. 

After delivery of the XBT-2 to the Naval Air Station at 
Anacostia, additional tests were made on the airplane by Navy 
personnel prior to the directional-stability tests of phase V 
at the 210-gallon scout loading with a gross weight of 7330 pounds 
and a center- of -gravity location of 29,5 percent mean aerodynamic 
chord. The Navy comments from this test were that, although posi- 
tive longitudinal stability had been provided in the overload- scout 
condition, the control- column movement to effect a stall approach 
in the landing condition vas still small and was accompanied by 
light elevator- control forces. It should be pointed out that these 
tests were made at a center- of -gravity location 1.5 percent mean 
aerodynamic chord farther aft than that used during the tests of 
phase IV. Eealizing the critical effect of the balance on the 
desired longitudinal-stability characteristics, the engine of 
the production model SBD-1 was moved 5 inches forward to keep 
the center- of -gravity location at 27.5 percent mean aerodynamic 
chord, in the 210-gallon 3Cout condition, when referred to the 
XBT-2 mean aerodynamic chord of 97.5 inches. Actually, the in- 
crease in wing area effected by a better fairing over the retracted 
landing-gear wheel (fig. 1) for the SBD-1 changed the mean- 
aerodynamic- chord length to 100 inches, giving an equivalent 
center-of -gravity location of 28.6 percent mean aerodynamic chord 
for this same loading. 

The horizontal surface configuration finally used in produc- 
tion on the SBD-1 model incorporated all the modifications from 
previous flight tests found to improve the longitudinal-stability 
characteristics. Minor differences were that the aerodynamic- 
balance nose shape of the elevator was changed from radial to a 
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modified ellipse used successfully on other Douglas designs , the 
cut-out at the base of the elevator was replaced with fixed 
stabilizer area, and the trim tab was slightly revised at the out- 
board and inboard ends (see figs. 3d, 8i, and 9). The maximum 
elevator travel was increased to -30°, + 20°. During the prelim- 
inary demonstration of the model SBD-1, the hinge-line position 
of the elevator was again adjusted (see table VI, phase VT). 
Further adjustment was required on the basis that the pull-out 
forces from a dive had increased over those for the XBT-2. With 
the hinge line moved back 5 inches from the elevator leading edge, 
although the force characteristics in a pull-out were satisfactory, 
there was an undesirable tendency for the control force to reverse 
at low speeds in the landing condition near the stall. 

An intermediate location of inches, 1/16 inch aft of the 

final location on the XBT-2 (Flight IV:18), was finally used upon 
the basis that it would be more satisfactory to favor improvement 
of the stalling characteristics in the carrier-approach condition 
than to reduce the dive pull-out forces. With this location the 
stick force necessary to pull out of a dive with an acceleration 
of 7.5g was approximately 40 pounds with the dive flaps open and 
with the 1000-pound bomber loading. The only remaining change 
which was made on the SBD-1 was to increase the nose- up trim- tab 
travel 6° in order to provide additional trimming power for power 
off, flaps and gear down. For a comparison of the original and 
final empennages, see figures 1, IS, and 20. 

The longitudinal-stability and control characteristics for 
the various basic configurations throughout the various test 
phases are compared in figure 16. It can be seen that the magni- 
tude of the control forces has not varied from the original, 
particularly in level flight, flaps and gear up. There is ample 
evidence that the control forces with flaps and gear down, power 
off, increase up to the stall with initial trim speeds as low as 
90 knots indicated. Unfortunately, no data are available on the 
variation of control force with airspeed for the final SBD-1 con- 
figuration in level flight with flaps and gear down. It is prob- 
able, however, that the forces decrease below 90 knots in the 
manner illustrated by Flight IV: 3, figure 16. 

In view of the extensive experimental flight testing accom- 
plished to Improve the longitudinal-stability and control char- 
acteristics of the production SBD-1 model, it is of considerable 
interest to note the results of recent overload tests made at 
Anacostia on the model SBD-3 airplane, which does not differ 
aerodynamically from the previous models: 
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The stability and control characteristics of the subject 
model were investigated at gross weights up to 10,330 
pounds and center-of -gravity locations aft to 33,1 per- 
cent mean aerodynamic chord. At a gross weight of 9200 
pounds with the center of gravity at 33.1 percent mean 
aerodynamic chord the longitudinal stability was found 
to be very close to neutral, varying from slight insta- 
bility in high-power climb to definite positive stability, 
power off. In level flight the stability was close to the 
borderline but very slightly positive. At a gross weight 
of 10 ; 423 pounds with the center of gravity located at 
33.2 percent mean aerodynamic chord the longitudinal 
stability was slightly improved over the condition above. 
Positive stability appeared at cruising speed in level 
flight, and only at high powers did stability become 
neutral or slightly negative. The control forces are 
very light and reach zero under some conditions. For 
this reason, control at high speeds is not entirely 
satisfactory. It is considered that the airplane is 
satisfactory for service use in the conditions tested 
and described herein, provided high-speed dives and 
maneuvers are undertaken only after instruction and 
indoctrination in the airplane and in the effects of 
reduced stability on control characteristics. 



DESIGN EECOMf^EKDATIOHS 

In reviewing the results of flight tests made on the XBT-2 
and. SBD-1 airplanes during the several design stages discussed 
in this report, it becomes evident that a considerable number of 
required control-surface adjustments may take place before desir- 
able flying qualities finally can be obtained. If such a possi- 
bility is kept in mind during tho initial design stages, and 
provisions for such adjustments are made in the airplane, a sub- 
stantial time saving can be realized in obtaining flight-test 
approval of the prototype design. The following suggestions are 
made: 

1. The hinge brackets for the rudder, ailerons, and. elevator 
should be so designed that the hingo lines can be 
adjusted through a reasonable range of aerodynamic- 
balance values without variation in the gap between 
fixed and. movable surfaces, Tho method used during 
the XBT-2 tests is illustrated in figure 23. 
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2. Some satisfactory method should he available for providing 

variation in the wing-dihedral setting, either by shims 
or replaceable fittings. 

3. The horizontal- and vertical-surface plan forms should be 

chosen with a taper ratio permitting possible area in- 
crease. 

4. The forward part of the movable control surfaces should 

be so designed that a rework of the aerodynamic-balance 
nose shape is possible without requiring a new surface. 

5. As far as possible, the main- control -surface hinges 

should be advantageously located with respect to the 
trim tabs, thus permitting the installation of balance- 
tab action if absolutely required. 

6. The control systems should be so designed that bell cranks 

can be replaced to give full stick, wheel, or pedal 
travel with reduced control- surface throw. Considera- 
tion should also be given to the possible necessity 
for including in the elevator- or aileron- control system 
an internal-hinge-moment contribution similar to the 
spring centering device used on the SBD-1. 

Incorporation of the above suggestions will, of course, have 
no beneficial effect in the case of a design with fundamental 
deficiencies which should have been apparent, either from wind- 
tunnel testing or previous design experience. With respect to 
recommended practice in the detailed design of control surfaces, 
some observations which may be of value can be made from the flight- 
test data contained in this report. The superimposed three-views 
shown in figure 1 were prepared in order to illustrate in an effec- 
tive manner the changes made from the original XBT-2 model, in ar- 
riving at the final control- surface arrangements of the SBD-1. 
This comparison in combination with the detailed flight-test re- 
sults on the XBT-2 and general -de sign experience gained on other 
Douglas airplanes, permits the following comments: 

1. Control- surface airf o il section. - The control-surface air- 
foil sections used on the SBD-1 airplane are shown in figures 3a 
and 3b for the vertical and horizontal surfaces. These airfoils 
are basic N-69 sections modified by a 12-percent chord extension 
to give a straight- sided afterbody over the movable- control- 
surface portion. In the case of the horizontal surface the thick- 
ness is a constant 10 percent, and for the vertical surface the 
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thickness is varied from 10.9 percent to 7,5 percent. In general , 
it is considered advisable to keep the thickness at a constant 
value not less than 10 percent. The airfoil section most fre- 
quently used on other Douglaa designs is the NACA 0012 modified 
with the 12-percent chord extension in the same manner, giving a 
thickness of 10.7 percent. If the chordwise location of the maxi- 
mum thickness is desired further aft, the 0012-G4 section can he 
used with the same modification to give the straight -sided after- 
body. With this section, a greater control- surface movement can 
be obtained without importing of the balance nose. 

2. Con trol- s urface plan form .* More favorable results have 
been obtained with control surfaces having chordwise dimensions 
proportional along the span, particularly where the overhang or 
nose type of aerodynamic balance is used on the movable surface. 
In this manner, where constant thickness is also used, the 
amount of balance-nose importing is likewise proportional. A 
low taper ratio of the order 0.5 i3 usually advisable, since it 
allows a better distribution of area. For the SBD-1 the taper 
ratios for the horizontal and vertical surfaces are 0.58 and 
0.30, respectively. From the standpoint of possible overbalance 
due to excessive importing, it has been found advisable to reduce 
the aerodynamic balance at the control -surface tips as shown in. 
figures 17, 19, and 20 for the SBD-1. This reduction also pro- 
tects the leading edge of the movable surface from possible over- 
balance due to ice formation over the unprotected portion. 

5. Movable- control- surface chord .- It is of interest to note 
from the comparisons given in figure 1 that all movable-control- 
surface areas were reduced in going from the original to the final 
configuration. This definitely indicates that there exists an 
optimum ratio of movable to fixed control -surface area for obtaining 
the proper balance between control effectiveness and force. These 
values for the SBD-1 are 0.428, 0,230, and 0.300 for the rudder, 
ailerons, and elevator, using the ratio of movable- control- surface 
area aft of the hinge line to the total-surface area effected. 

4, Aerodyna mic nose bal ance . - Eest results have been obtained 
with this type of aerodynamic balance when proportionality is used. 
Hinge cut-outs should be kept to a minimum, and the movable surface 
should be cut perpendicular to the hinge line, thus allowing aero- 
dynamic balance to be effected element by element spanwise along 
the control surface. Cut-outs at the base of the movable surfaces 
for operating mechanism should be avoided if possible. 
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Comparison of the aerodynamic-balance nose shapes shown in 
figure 1 for the elevator and rudder show the change from blunt 
to modified elliptical shape. The blunt nose usually gives dif- 
ficulty because of its adverse hinge-moment characteristics at 
large surface throws, resulting in a tendency for overbalance. 
The shapes given in figures 3a and 3b have proven quite satis- 
factory for a number of Douglas designs, giving a satisfactory 
compromise between loss in control-free stability and reduction 
in control- surface hinge moments. 

5. Ealanc e tab. - The use of the balance tab with uniform 
ratio to the main- control-surface travel in combination with the 
overhang type of aerodynamic balance, usually should be discouraged. 
Although the expected reduction in hinge moment can be obtained, 
the accompanying change in free-floating angle of the movable 
control surface effects a considerable reduction in stability. 

In causes where no overhang-type aerodynamic balance is used, the 
balance tab offers an effective method, of hinge-moment reduction. 
As indicated in the flight tests on longitudinal stability with 
the SBD-1 model (table VI, phase VI), difficulty was experienced 
in obtaining the desired elevator control forces over the required 
speed range. The use of a balance tab would probably have reduced 
the pull-out forces, but would have further aggravated the low- 
speed overbalance. 

6. Control - su rface g ap.- In general, it can be said that the 
gap between the fixed and the movable control surfaces should be 
kept to the minimum possible clearance for manufacture. From the 
XBT-2 tests, where the gap between the elevator and the stabilizer 
was increased, a flat spot in the variation of control force with 
angle occurred. In the case of the ailerons, there was some indi- 
cation that the control forces became lighter. From a performance 
point of view, the additional drag caused by a, large control- surface 
gap is not desirable. The ideal arrangement from all points of 
view except manufacture is the pressure- seal type of aerodynamic 
balance . 

7. Tail cone .- On the XBT-2 it was found inadvisable to have 
the tail cone move with the rudder. No essential differences 
were obtained with the tail cone fixed to the fuselage or movable 
with the rudder concerning ability for spin recovery, and consid- 
erable difficulty was found in effectively balancing this portion 
when connected to the rudder. With the tail cone attached to the 
fuselage, there was less tendency fox- rudder-force reversal with 
essentially the same control effectiveness. 
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8 , Dorsal fin, - The dorsal fin has "been effectively applied 
to multiengine aircraft to improve the directional characteristics 
after engine failure. Its primary effect is to increase the angle 
of yaw at which stalling of the vertical surface occurs, without 
substantially affecting the directional stability. In the case of 
the XET-2, the dorsal fin was a major factor contributing to the 
elimination of the undesirable rudder-force reversal during direc- 
tional oscillations or sideslips at low airspeeds (table V, phase V), 
The use of the dorsal fin is recommended to improve damping in yaw, 
to reduce the rudder angle required for directional trim at high 
powers on a single-engine design, and to eliminate possible inter- 
ference effects at the intersection of the vertical surface and 
the fuselage which may contribute to a premature vertical surface 
stall or rudder- force reversal. 



Douglas Aircraft Company, Inc., 
El Segundo, California, 
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o 



O O m vO to 
C*- >C O t"- vO 



& 
8 



• ••••••« 

QCMCnCMCMCMOO 
CMCMCMCMCMCMHH 



H ° £t "4 °* 



CO CO co co 
" HHH 



CO 



tf\ CM UMAUMAHH 
if\ >o njO %o >0 vO \u 



H 



CO CO CO to to 



CM H H H H 
sO *»0 >© nO 



2 $ 



%o c\ t>- c^- co oo 
• •«•••• 

CA »A «AUMT\ O O 

c^- t*- c^- 



CO H CO CO CO CO 



CM O O O O 




cn 

7 

CM 
CM 



-4 CM i-f 
H H CM OH CM cnH H 



-tcM^CMH'-N CM try w\S 



i n i n 



MHMH >>>>> 



CO 



a 

CO 



COCO CO CO CO CO CO CO 



Table 3 



d oo. 



n 

o o 
• 4 0) «h 9 

P <D 4 -O 
S OX O « 

<• «• a* 4> «H 

C U h J3 rl 

o a oh o 

•H O CfH c: 
P N W 01 
«• «H P CQ 

o *a a> 
C P _P o 



T^BLE FLIGHT TEST SUMMARY ON STALLING QfARACTERISTICS. 



FLIGHT LOG 



owe 



NO. 



PILOT 4 
OBSERVER 



GROSS 
WEIGHT 



CONFIGURATION 



VERTICRL SURFRCC 



nose 



ir 



RILERON 



-£ — 



STRLL WR8NIN6 



6-3-39 



7566 



-27,13 



* (2IOGRL) 



34 1 



7366 1*7-7 



rat 



(2I06JRL.) 



««.7 



ORIGIN PL X3T-2 RlRPLPNE 
WITH FOLLOWING CMRNGES • 

FIXED WING TIP SLOTS. FIG. 3c. 

StRHHG STRIP RDDRO TO OUT' 
BO PRO CNO OF FLPP TO CLOSE 
PLRP- PILE RON GRP. 

GOOSE NECK TYPE PlTOT HERO 
INSTPLLEO ON WING. PIG. 17 

LOWER SUKPRCe RILERON HINGE 
CUTOUTS SHIELDED. 

rORWRRO SECTION OP CPRBOR- 

RILERON BPLRNCE TPS RRTIOt-l 



CHECK RND PRMlLIRRIZPTION FLIGHT 



34' 



ret 



4±fi2C.7S 



-27, i3 



p4 g. up. 



ft POWER. VCjw SSKK 



GOOD STRLL WPRNING. 



P4 G. UP POWER ON ^T r _. - 

(20"Hy. P7 I9QQ 9*»M.PT3000*t} ST " U 



STRU 

STPRTSD RT RBOUT +9 KNOTS. 



FUP + S. on. iotm \powTm *r S r#i £ * s* KN. 



adaruata wrkHiM about a 

KNOTS RBOVE STRLL , 



P.UP4G. ON. . w 
(SPM£JS_PBO\ 



n on. ~ 



jjf (210 GPL ) 



P4 G. ON. ibLt kowi*. UN. 



wi t ASMS OF iMPENOINd stALi 

RDEQURTE BELOW 54 KNOTS. 

w*r 



VRNING POAAAotf 
S KNOTS BEFORE FINRL STRLL 



NO PILE PON WPRNING. 



84 I 



75 66 



F.4 G. UP. IDLE POWER 



FRIR STRLL WARNING. 



F4G. UP. POWER, ON. 

flo-#fr at i960 *W prmo fiS 



urTLi if ALL MAning exceAT 

JUST BEFORE STPLL. 



PUP 4 G. ON. IDLE POWER Vi s TmLL = 57 KN. 



F.UP4.G. ON. POWER ON. Vi, 
(SPMC PS PROVE) 



STPLL. 



STBLL WRRNINC CONSIDERED 
POEOURTE BUT NOT PRONQUNCEO. 



F 4 G. ON. I OLE POwER. V t s T „ L L '53-55 KN 



it (210 GPL) 



7J 



P4G. ON. POWER ON. Vi fr *u * 46-47 KN. 
(SPME PS PROVE; 



GOO* STALL WARNlNt.BuT+HEN 
NOT HEEDED FELL HRRD TO LEFT. 
hlO wAANtNO. 



341 



4^S 



SHRRP L EP0/NG EDGE FPIR/NG 

of rrout ie " spun rodeo pt 

ROOT OF LEFT WING. FIGURE 2a. 
TIP SLOT GRP INC F EPS ED TO 

9" figure 3e. 



F.4G. UP. IDLE POWER. 



'Cst*ll=SS KN. 



GOOD WPRNING OF IMPENDING 
STPLL. 



P$.G. UP. 

(f°*»1 * 

F. VP 9. G.DN. IDLE POWER. 



POWER ON. 



*STm t ^4$KN. 



4 ' S3 KN. 



POtlURtE STPLL WARNING BEGAN 



F.UP0.G. ON POWER ON 
(SPME PS PROVE) 



RBOUT 4- KN. BEFORE FINPL STPLL. 
STPLL. 



P4 6. ON. IDLE POWER. 



X (210 6RL) 



F.4 a. ON POWER ON. 
(SAME PS RBOVE) 



GoOO wWJfimS OA if4A*NoiN6 

STPLL. 



VisrmiL = 44 KN. 



ONLY A SUGGESTION 9A WARNING 
BETWEEN 1-2 KN. BEFORE STRLL. 



94 t 



7566 27.7 



TIP SLOT dPP INCPERS€DT0 | . 



RfG.UP. IDLE POWER. V iaWu -Sff^N 



RQEQURTE WRRNING BELOW 59 KN. 



pTgjip POWER ON 

(iO'Hs BTI90QRPM *T 5060 FT.) 
P UP 4 G- ON. tOLE POWER. Vi 



*tr*LL =50 KN. 



srmtL-56 KN 



GOOD STRLL WRANlNG BELOW S3 KN 

FA/ A STALL I 



F UP 4 G- ON. POWER ON. KMrm • 49 KN. 

(20" H $ . RTttOO-RPN. RT6O0OF7.) 



FRIR WRRNIN6 OF IMPENDING 
STPLL. ' 



P. 4 6. ON. IOLE+QWER. Vi s7HU * 4 9 KM. 



VERT GOOD WPRNING OF IMPENDING 



• (210 GPL.) 



F.tG. ON. POWAWiON. 
(SPME PS RBOVE) 



«isr*u**5 KN. 



34' 



7566 



27.7 



4^5 



PlLERON BRLPNCE TPB PCTION 
INC PEPSED RBOUT 20%. 

LSNGTH OF PRM SHORTENED 4 . 
TPB RPTIO: I I S 9 



AILERON CONTROL FORCE CHECK. 



m (ZIP GAL.) 



'I 



SHARP LEROING POSE f PI RING 
REMOVED. CG. MOVED FORWRRO 



St* 



BLUNT 



4.ie 



SLOTS TPPED OVER (CLOSEO). 
CG. MOVED PFT. 



F.4G.UP iM iQWeR. Visrmti* 57 KN. 
FUP4G.ON. MANPOWER V,-, r „ tt « 55 KN. 



GOOD WARNING Or IMPENDING 



On. lOLiMowi 



GOOD WPPNING OF IMPENDING 
STRLL BELOW 59 KNOTS. 



FiG.DN. . 
(22" RTtm 



'*« Vc 9T *l L * 52 KN. 

ON Vi, till* 45 KN 

>M RT 9000 FT.) 



FRIR WPRNING. 



NO WPRNING ■ 



6-14-39 



Hi 



SLOTS OPENED. 
R/RPLPNE REPOT FOR DELIVERY. 



CHECK ON UtTAWfL STRBlLITT. FLPPS 
AND 65PR OOWAf 



CHRNGE 



5-26- 40 



OLIPTtCRL 



19.17 



**7 



SBO-I RIRPLPNE * 1996 



>OOO w QS06RlJ 



23.1 9 89 



•a io 



6 9 .7 



LEROING EDGE MOOlFICRTlON ROOED. FIGURE *A. 
( "STPLL CONTROL " S TIC KB.). 



r/f2 



44 to 



9395 



1000*030 GRL.) 



*4 



'9,7 



L .E. MOOIPICP TION REMO VCD . 



* RLL CONDITIONS NOT NOTED RRC EITHER 
SCOUT OR BOMBER, WITHOUT BOMB, LORDINGS. 



« § 



0 3 S 



I 

2 

h 
i 



$5 




Si 



is 




JSfc 



i 



H 

IS 

§5 



TABLE JS (cont'd)- FLIGHT TEST SUMMARY ON STALLA 



\ FLMHT LOS 




coMwiauaan 


9N " ? 










vsfticfl 3UFFFC8 


8/L8HON 


CHfiN99 


asm 


pvt. 


mart 




C8. 


*r 


*r 






•r 


JL 


N038 
988)83: 






8m. 


**m 


3m 


4 

feaafi 






8-897- 80 


OLjtO 




mots 


mi 


98.1 


989 


884 


/.a 


.907 


ft 


8UPTKM 


too 


4v.3 


t9.i7 


8.47 


808 




•17,10 


<9J 


WOOL TUFTS /FT. 9**CtN6 OH 8OTH mt498. 




3-00- *o 


M+84 




9988 iMLff 


99.1 


9J88 


9.84 


/.» 


.907 


>i 


outmeti 


too 


4r,3 


1817 


S.47 


.909 


3 W 


~t%io 


%7 


mm juMtrtoN rmtmtNoo aormoo, rum mm* 


UBO*(uomu\ 


8-88-40 






8998 


99.9 


99.1 


988 


894 


1.9 


887 


*J 


8umcm 


too 


4*>3 


1817 


3.47 


309 


si 


-/J to 


*%7 


smtL coHTmoi'sncm mmujD pLomort'om 

MML8 mOUNO mOOO 979CH9JL LOC*T80 MtOTOUtaOM 

*/mjjfMCT/o* **t*/m cm mowormtYtro mr il« 1 

CHOmO UN8. F/0U88 8c. 


4> ( 85881.) 


3-88-40 






89/7 \034 


881 


883 


884 


t.9 


•807 


»i 


tutmcm 


±30 


4*8 


93.17 


847 


.003 


si 


-J7/0 


tm,7 


STICKS mSMQVEO. W9M8 SLOTS CO¥3MO OH* 


/00C+(/O78FL\ 


OU9ML. FL8T8O *NO C8U.ULOS8 THF8. 


9-03-40 




4 


8888 


981 


9.38 


9.04 


(.9 


.907 


*t 


8UPTKFL 


too 


4v,3 


9X17 


3.47 


.903 


si 


-I%I0 




wtm junction rmtstNs tmrouso. foot mm* 

IMS. WINS T9F FTT8C HNSKT, 19898893 U8NT9, L889 

aTTmcutm FmmtNO wax id smooth. 


* (I4984L\ 


3-9*- 40 






9998 |*ft* 


981 


888 


8.04 


t.9 


.907 


'i 


uurric* 


too 


4r.8 


1817 


847 


309 


'/ 


•/rto 




33*'9Y i" STICKS L0C8TSO ON L.8. 8I¥87L898% 
INOO880 F80N FOINT 4 tKOOFNO OF (NINO 0TTOJ8 
8N0L8, F/3U8C 84. ™ 


0 (88398..) 


T-9*-40 




44/ 


8888 198.8 


99.1 


9.88 


9.04 


1.8 


907 


>t 


uuptkfl 


too 


4 n 9 


13.17 


S.47 


.309 


3d 


-a/o 


Hi 


UK MOV SO STICKS UNO INSTFLL80 tS'STf ^STtCKS 
MSOI8TSLY OUT SOU M OF WihM FTTFCMtNS SN3L 3. H3\ 


tooo»(aoom.l 


3-88- 4C 


W* 




rwri* :mi 


99.1 


883 


884 


1.3 


907 


'k 


tumm 


too 




18/7 


347 


.309 


si 


-/X/0 


*S7 


SFF38 SH980N" WINS 0SF988L88 WITH MtOKNL 


8-33 ~40 




H* 




at./ 


838 


9.94 


/.9 


.907 


'i 




±30 


4r.O 


ton 


9.47 


303 


si 


~/7./0 


Sh.7 




F-30-40 




4 


9098 198.8 


981 


9.98 


9j94 


/.a 


.907 


't 




±30 


4*9 


18/7 


847 


309 


si 


~/7.i0 




M90/CFL TF PS, SHOO WMr ( 9LOTC0V883. 37 
*"J> TUFTS *8M0Ve0. FIL880N- WIN* UFPoks* 

osf sToiF mooeo. 


90D+(n 


989X4 






4 4 to 


7888 


98.1 




833 


884 


t.9 


.907 


<i 


aioprtm 


±00 


4r.9 


rn.il 


847 


.003 


si 


-a/a 




WOOL TUFTS ON OOTM WlNOS. 


aoo+tmomj 


S-90- 40 




44 to 


7788 \f80 


99.$ 


83$ 


8.04 


1.9 


.907 


'i 


Hitman, 


±30 


4r,B 


t8J7 


S47 


003 


si 


-l7 t /0 


•J, 7 


WiNG 3L0T0 C0V883D WITH PLFT33 8 NO TNI 




S-SO-40 


m\>77 


44 to 


till 3*771 


981 


893 


9.04 


9.8 


.907 


*i 


fUNTKOL 


too 


4y.9 


18.17 


S<47 


308 


si 


-fJIO 


^7 


14" or 4 "sticks locstmo immcdiftsly our oo 

OF WIN47 FTTNCHINO FNCL8. FIOUFg Of. 






S-M4-40 




4 




981 


889 


9.04 


t.9 


.907 


«J 


ttUPTKM 


too 


4r t 3 


/3.I7 


8.47 


389 


si 


HZ to 




SSO'I FIFFLMNC NO. 1887. 


* (93O808J 


3-**- 46 


*•* 


441 




U-t 


898 


8.94 


t.3 


.907 


*i 


9LUFTKFL 


±30 


4 K 8 


19.17 


3.47 


303 


si 


•rz/o 


*9.* 


FITOT TUSS FNO SOOSS NSCK FSNOvCO. 




8-90-4O 




9 


7178 


873 


981 


888 


9.04 


t.9 


.207 


'» 


uuptksl 


too 


4 K 3 


19.17 


8.47 


.909 


si 


-/7.I0 


«f.T 


FITOT TUOe FNO 400SS NSCK INSTFLL90. 


*(0>6 


¥8.) 


f-n-40 




94*9 


798? 


88.0 


981 


3.88 


8.84 


/.9 


.907 




9WFJ9M 


too 


4v,3 


13.17 


847 


309 


si 


-17, 10 


*9.7 


OOTN SLOTS COV8F8O.WO0L TUFTS ON TOP SIM 
OF WINS. 


» (/OOi 


SOL.) 


F-0O-4O 




94 19 


7888 


87.9 


98/ 


9*3 


3.04 


t.3 


.907 




ouiftkml 


too 


4 K 9 


19.17 


S.47 


309 


si 


'17/0 




FISNT WINO SLOTS O0V8FSO. LSFTWIN0SL8 
OFSN. 


4> (973 898.) 


8-90-4O 




+4 iO 


7478 \87.8 
900*(t9008U) 


981 


933 


8.84 


/8 


,907 




tuiPixsL 


too 


*K» 


1817 


847 


.909 


si 


-wo 


Ct',7 


tuBBt* 3SFL/N6 3TFIF Hi LOWS 4 WINOFILSFO 


8-01-40 




441 


7988 \27.S 
m (/SOGHL.) 


98/ 


9.99 


804 


/.9 


.307 


>* 


etupncot 


too 


4 K 9 


tO/7 


347 


.309 


si 


-t7,/0 


Si, 7 


LOFT WINO SLOTS COV8FSO FIL8FON-WIN0 
3U8FHC3 OHP OTFiP FOOSO . 


S-9i-4C 




44* 


7888 \97.9 

m itto 4MLJ 


889 


9*3 


8.04 


19 


.907 


>& 


tLUFTKSL 


too 


4v,t 


tO. 17 


347 


90S 


si 


•/7./0 




FITOT F8NOVSO. 


3-9/ -48 


%» 


44 i 


7178 \923 
oflOOoFL.) 


99.1 


9.33 


804 


1.9 


*07 


'& 


U.LIFTKOL 


±30 


4rJ 


(0.17 


S.47 


.309 


si 


•t%to 




L8FT FIL8NON' WINO OFF FSOUCSO OY OSNB4 
OF STTNCH30 OFF- 38FL PLFT3 FNO OY FOOM 
OF TOFF TO L.8. OF FILKFON TO FILL HOLLOW 



TABLE Y- FLIGHT TEST SUMMARY ON LATERAL, D 



7-/7-33 



34/ 



CO 499 



4} (390Q79L } 



9LUNT tSO 



90.79 



-97,0 Om.,7 



X3T-9 H/KPLFN8 83 IN FHF38 t FLIGHT U 



7-/0 -SO 



'* S 



94/ 



+i 



INC88FS90 0IM90FFL I*. 



• FucoNomoHS mm notbo Ftte ommt 



i 



8 

c/> 

i 



Wit 

2: •» K uji- 




5*5 



*** 

8 e 



5 2S 



IT 



9 



Si 



ill 



ill" 



li 

51 
3* 

II 

0.5 

S 




SI 




tarsal 



*sss 



C ,5S 




I Ii 



?5 



if*;? 

m 



85 



m 

I?? 

it 




pi 

q 



Of 

p 



s 

as 



IHii 



.1 



3 

CO 

-J 

I 

9c 



h 

-I 



ii 



by 

! 

si 



5* 




i is 
f MS 

s II 

f>S8 5? 



85? § ? 2» 

S|? «e |;. 
hi II §* 

52 *i 

1 Missis s» 




O 



ii 

5S 



«5 



Ik 

5? 

§§i 

IIS 

C 
I 



Sfl|| 



* ! 

1^ 



» hi5 Mr 



15 



«r 5 



s ii*i? 



Ilpi 

l8s«2 



1W HI?*!!: 



8 

! 

s 

I 



11 
; p 



£ Q ~ IH"^ 



in* 



s- 1 

8 

n 5 S 



5:' 



TABLE Y (cont'd): FLIGHT TEST SUMMARY ON LATERA 



FUGHT LOG 



DATE 



FL'7 
NO. 



P* LOT f 



GROSS 



CQNF7GLJRAT7C3N 



VERTtCAL SURFACE 



fm*A 



nose 

SHAPE 



AILERON 



CHANGE 



24* 



73QO 27.7 



279 



4*5 



199 7J 



%i3 



LARGE FIN EXTENSION. LARGE I* 
EXTENSION. 



\ NOTE : OEFTNTTtON OF TESTS 7,2,3. AND*. 

ERONf STEADY SUP WfTH IS* ANGLE OF BANK : 

71) MAINTAINED COURSE **7%l RUDDER AND HELP STtCK/NJHC C 
POS/T/ON RGQtPRlBO TOAAAANTAVN THE SUR ATTEMPTED TO A 
W77V6 WITH USE OP RUDDER ALONE. 

72) RETURNED ST/CAC TONEUTFiAL AND HELD, HEFT RUDDER 7=7)701 
. POSIT/ON &EQUHTCD FOR STEADYSL7F NOTED MOTION. 

73 ) RELEASED STVCH AND ATTEMPTED TO PfCNtfP **NG 0V7TH A 

ALONE. NOTED MOT/ON* 
7A I RELEASED 3T7CHANO A4A/NTAINED RUDDER 7H FOS77TON REQ 

HOLD STEADY SLAF. NOTED A407V0N. 
PERFORMED ABOVE TESTS 9VI7H fAf FLAPS AND GEAR UP AT 72XJL* 
-7*575 WITH 7B)RCAPS AHP G&&DOHHAT V,*BS> 



7 2* -39 



21/ 



24* 



7500 



277 



Q80 



Blunt 



da? 



ORIGINAL FIN AND RUDDER. /NCR 
DIHEDRAL 1° 7 TOTAL INCREASE = 2*J. 



7-24-39 



Z4* 



23 Z 



4c,5 



SMALL FIN EXTENSION LARGE Tit 
TENSION. 



7-26-34 



24* 



*3 



60.7 



A /LEW BALANCE TAB DfSCONN 
LOCKEO IN NEUTRAL. 



1-27-3* 



24* 



7BOO 277 



25.2 IS04 222 



(48 



BLUNT 



±30 



4d,S 



2012 



4.12 



■Z7j/* he J 



BALANCE AREA ABOVE WWW, 
BRACKET REVUCED. CRUOUER) 



7 27-39 



24* 



I5.04 222 



OBO 



BLUNT 



30 



4d£ 



20.72 4.12 



-27^3 66,7 



TRAILING EUGE P/N WfOTH INCREA 
METAL COVERING OF RUOOER EXTENS 
REMOVED BELOtV UPPER HINGE AT Li 
EDGE. 

REDUCED AILERON-WING LOWER ! 
SLCT GAf> TO J. " 



7-2B-34 



24* 



79O0 27.7 



252 



148 



BLUNT 



tBO 



4<f5 



20.72 4.12 



IR9 



-27^3 



€b,7 



TRAILING EDGE PIN WIDTH INCRl 



G2E7 24.4 



25.3 



232 



» IPS 



eUtPTKAL t3Q 



4e$ 2tt« 



5,12 



254 



6c, 7 



REBUILT PIN, RUDDER, ANO AJLl 
TA7L CONE ATTACHED TO RUSE 
AILERON NOSE SHAFE MORE St 
HO BALANCE TAB. 



9-9-39 



m-2 



24* 



7Q39 X2BS 



25a f2.€0 



GLBA .139 



«4 



€LUPTK**30,1& 4c JS 



5.27 



Ec.7 



RUDDER 4f MOVED jf ART 
AJLEROR % MOt&tJTAFT. 



9-IO-39 



24* 



7039 205 



25.3 



Z2.57 



2.41 



OA4 792 



auHK4i-3S,9< 4e,S 



79B6 



273 



6c,7 



RUDDER # MOVED m" APT 
AILERON* MOVED £~ APT 



9-12-39 



24** 



253 



19.31 



247 



OJB4 



KJJPTKAi t2S 



4*5 



19.72 



292 



6c, 7 



RUDDER* 



TV A 
/ALA 



9-/9*9 



75 



24* 



7039 las 



253 



2.97 



CX04 



ISO 



HUFXAl 



tso 



4S.5 



19.72*56 



262 



•27.13 



6c? 



0 2*Q 



RUDDER M MDYE&JL PQRWARQ i 
FUDDER BALANCE TA0*SETIN&r{ 
THRV¥V±30. 

ORIGINAL AILERON O0=F£RCNT*L IN 



EITHER 
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VIEW A 



CONFIGURATIONS TESTED : 

ORIGINAL : (FIGURE 6a) WITH TAB*I. 
BALANCE TIP«I. CHORD 2A&" 
BALANCE CHORD VARIABLE 

REBUILT : (FIGURE G c ) WITH TAB*2 
BALANCE T1P*2, CHORD 23-g*. 
BALANCE CHORD CONSTANT 

FINAL : (FIGURE 6 € ) WITH TAB"3, 
BALANCE TIP *3, CHORD 22^' 
BALANCE CHORD CONSTANT 

MOTE : FOR NOSE SHAPES SEE 
FIQURE 3f, 




FIGURE 7 ' AILERON LIME DIAGRAM 
SHOWING AREA CHANGES MADE DURING FLIGHT TESTS 

MODEL :VBT-2feSBD-t 
SCALE : SHE 
DlWlES^fON ^ TAKEN CHOROWISE 
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TH VARIABLE RATIO 

: [IE : (15-21)1 

ANCE • B€* 0.243 WITH BALANCE TAB 
±20° " ' 




LjRFACE , NO CUT OUT, ELLIPTICAL 
ANCE NOSE SHAPE : 

BALANCE : Be = O.301 




TOR BALANCE NOSE SHAPE : 
) FORWARD Ya TO 4 7 /8 : 

LSI. • (56-57)] 



wNCE t Be » O 3\Z 




FIGURE 6 e : 

REDUCED ELEVATOR CHORD , REVISED TAB [ 

USED ON FLIGHTS . £lg:(l-fl)3 
AERODYNAMIC BALANCE t Be = 0.244- 




ELLIPTICAL ELEVATOR BA LANCE NOSE SHAPE ; 



HINGE LINE MOVED AFT !4 TO 5 : 

USED ON FLIGHTS ; [H,: (S3- SS)] 
AERODYNAMIC BALANCE : Be • O 325 




REFERENCE : FKSURE 2Q 



USED ON FLIGHTS : [gr (SS-T7)] Cm z - Q-9)J 
AERODYNAMIC BALANCE J Be - Q.3Q6 



TAB" I : ORIGINAL 



ELEVATOR *A: FINAL 




with tip *3, base "2 

elevator «2 with 
tip^Tbase"! 

/t— ELEVATOR"|: 

ORIGINAL WITH TIP V 
BASE" I 

ELEVATOR "3 : WITH 
TIP«3 , BASE° I 



j. »• STATION 278 . FINAL 
25% MAC AT STATION 37.B 



FIGURE 9 j HORIZONTAL SURFACE LINE 
DIAGRAM SHOWING AREA CHANGES 
MADE DURING FLIGHT TESTS 

MODEL: XBT-2 A SRD-I 
SCALER SIZE 

FOR AIRFOIL AND BALANCE NOSE SECTIONS . FIGURES 3h 3d. 



FIGURE II : EFFECT OP CENTER OP GRAVITY MOVEMENT ON ELEVATOR AN GLE 
AND CONTROL FORCE TO TRIM FOR SEVERAL PLIGHT CONDITIONS ONMODgL 




FIGURE 13: EFFECT OF A CHANGE IN ELEVATOR BALANCE NOSE SHAPE 
FROM BLUNT TO ELLIPTICAL ON ELEVATOR ANGLE AND CONTROL FORCE 
TO TRIM FOR SEVERAL FLIGHT CONDITIONS ON MODEL XBT-2 



m:3 
7039 
28.5 
.243 
ELLIPTICAL 




FIGURE 15 : EFFECT OF REDUCED ELEVATOR CHORD ON ELEVATOR ANGLE 
AND CONTROL FORCE TO TRIM FOR SEVERAL FLIGHT CONDITIONS ON 

MODEL XBT-2 









FLIGHT 






WEIGHT 


7039 


7039 


C.G. 


286 


281 


Be 


•243 


244 


NOSE 


ELLIPTICAL ELLIPTICAL 


HL 




4 


5 e 


2244 


19.61 


6e 


±25° 


-30^25° 


FIG. 


8c 


Be 




FIGURE 16: COMPARISON OF ELEVATOR ANGLE AND CONTROL FORCE TO 
TRIM FOR ORIGINAL i REDUCED CHORD . AND FINAL HORIZONTAL SURFACE 
CONFIGURATION ON MODELS XBT-2 AND SBD-1 
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A (FINAL) 
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H:l 


S3 
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7281 


7030 


83S2 


C.6. 


27.7 


28.1 


28.5 


B« 


207 


.244 


306 




(WITH BAL TAB) 






NOSE 


BLUNT 


ELLIPTICAL 


ELLIPTICAL 


HI 


aJS 
3 92 
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4(| 


fie 


-32125* 


-30T25* 


-30°25 a 


S e 


20.29 


19.61 


18.52 


S H 


66.6 


708 


70.8 


AR rt 


372 


445 


4.45 


FIG. 


8a 


8e 


8i 




FROM N. A. C. A. REPORt- MEASUREMENTS OF THE FLYING QUALITIES 
OF A DOUGLAS SBD-I AIRPLANE MARCH II . 1942 . FIGURE 2,2 (REF.3) 
• POWER OF,F. FLAPS $ GEAR DN. CG.AT 263 % MAC 




HACA 



Pigs. 17. 1ft 



4 




FIGURE 17' DOUGLAS MODEL SBD-1,-2,-3 LEFT WING LOWER 
SURFACE SHOWING FIXED WING SLOTS. "GOOSE NECK* TYPE 
PITOT HEAD FAIRING, AND FINAL AILERON CONFIGURATION. 
NOTE EXTENSION STRIP SHOWING AT EXTREME TIP. 





FIGURE I9< DOUGLAS MODEL XBT-2 EMPENNAGE (ORIGINAL) 

NOTE MOVABLE TAIL CONE, BLUNT AERODYNAMIC BALANCE 
NOSE SHAPES, ELEVATOR BALANCE TAB. AND PITOT HEAD ON FIN. 



